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PeDlphigus vulgaris and pemphigus foliaceus are 
characterized by autoantibodies directed against 
transmembrane glycoproteins of desmosomes. F12, a 
human monoclonal autoantibody that binds to the 
desmosomal plaque, recognizes a 180-190-kDa dou-
blet when immunoblotted against bovine tongue ep-
ithelium. Because F12 was derived from the periph-
eral blood lymphocytes of a patient with pemphigus 
vulgaris, we looked for the presence of anti-180-190-
kDa antibodies in pemphigus vulgaris and pemphigus 
foliaceus serum. By im.munoblot analysis, a third of 
the pemphigus serum contained anti-180-190-kDa 
antibodies that belonged to IgG subclass 1 or 3, 
unlike those that recognized desmogleins 1 and 3 
(IgG4). By immunoelectron microscopy analysis on 
P emphigus is an autoimmune blis tering skin disease characterized by the production of autoantibodies di-rected against components of epithelial cell junctions. Three types of pemphigus have been identified: pem-phigus vulgaris, pemphigus foliaceus, and paraneoplas-
tic pemphigus (Stanley, 1993). It is widely accepted that each form 
is defined by the specificity of the autoimmune response: pemphi-
gus folia ceus and pemphigus vulgaris autoantibodies identify, re-
spectively, desmoglein 1 and desmoglein 3, both keratinocyte 
transmembrane glycoproteins belonging to the cadherin family 
(Stanley et ai, 1986; Masayugi ef ai, 1991). Autoantibodies produced 
by para neoplastic pemphigus patients react with an antigenic 
complex composed of desmoplakins I-H, the 230-kDa of bullous 
pemphigoid, and an as yet unidentified 190-kDa and lower molec-
ular mass antigens (Anhalt ef aI, 1990). Recent observations, 
however, show that autoantibody specificities are not restricted to 
a variety of pemphigus as previously envisioned. For example, 
anti-130-kDa antigen autoantibodies have been detected in para-
neoplastic pemphigus serum Ooly ef aI, 1994) and anti-desmocollin 
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human oral mucosa and hUDlan skin with mAb to 
human IgG3, pemphigus serum containing anti-180-
190 kDa antibodies recognized desmosomal plaques. 
The presence of antibodies with F12 properties in 
pemphigus serUDl was further deDlonstrated by a 
rabbit anti-F12 idiotype antiserum that allowed de-
tection of F12 idiotype in serUDl with anti-180-190-
kDa antibodies. These results indicate that some 
pemphigus vulgaris and pemphigus foliaceus serums 
contain antibodies that react with both intra- and 
extracellular structures of desmosomes and further 
demonstrate the heterogeneity of the autointmune 
response in both types of pemphigus. Key lVords: 
alltoil"'"I1Jlitylcell jll1tctionslidiotype. ] Invest Derlllatoi 108: 
469-475, 1997 
antibodies in certain pemphigus foliaceus sera (Dmochowski et ai, 
1993), suggesting ,m overlapping distribution of autoantibody 
specificities among diJferent forms of pemphigus. 
F12 is a human IgMK anti-epithelial cell-membrane monoclonal 
antibody (mAb) derived from the peripheral blood lymphocytes of 
a patient with pemphigus vulgaris that recognizes a 180- to 
190-kDa polypeptide present in the desmosomal plaque (Gilbert ef 
aI, 1992; Joly et aI, 1993) . mAb F12 appears to be representative of 
a new autoantibody population already identified in paraJleopiastic 
pemphigus serum Ooly e/ aI, 1993) . The fact that mAb F12 was 
derived from a patient with typical pemphigus vulgaris suggests that 
this autoantibody specificity might also be present in other forms of 
pemphigus. Tlus possibility prompted us to look for this autoanti-
body in serum fi'om patients with pemplugus vulgaris and pemplu-
gus foliaceus. 
MATER1ALS AND METHODS 
Source of Serum Serum from 23 pemphigus vulgaris, 10 pemphigus 
foliaccus, and two parancoplastic pemphigus patients was analyzed. Serum 
from six bullous pemphigoid paticnts containing anti-basement membrane 
zone antibodies and serum from 10 healthy subjects werc used as contro ls . 
All p emphigus serum containcd anti-cell surf.1ce antibodies at a titer ~ 1:50 
as dctcnnincd by inll11unof:1uorcsccncc analysis on rat tongue section s. All 
serum was stored at - 80°C until used. All pemphigus patients had a skin 
biopsy that \:"as exanuJlcd histo logically and by ll11Jl1u.noRuorcsccnce. All 
gave histologic and immunofluorescence labeling pattcnts typical of pem-
phigus. 
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Monoclonal Antibodies MAb F12 and two murine mAb specific for 
desmoplakins I-I! or dcsmoglcin 1 (Progcn-BioteclUlick, Heidelberg, Ger-
many) were used as probes. F12 recognizes a 180-190-kDa doublet in 
immunoblots of bovine tongue epithelium (Gilbert cr. 01, 1992; Joly er ai, 
1993) and binds to desmosomal plaques and hemidesmosomes by immuno-
electron microscopy (!EM) Ooly cl 01, 1993) . Murine mAb directed against 
human IgG subclasses were purchased fro m Boehringer-Mannheim (Mann-
heim, Germany): anti-human IgGl (clone NL16), anti-human IgG2 (clone 
GOM1), anti-human IgG3 (clone ZGA), and anti-human IgG4 mAb (clone 
RJ4) . 
Immunoblot Analysis 
Boville TOllglle Exl.mclioll Fresh bovine tongue epithelium with its attached 
connective tissue was minced finely with scissors and ex tracted with 
ice-cold 0.0625 M Tris(hydroxymethyl)aminomethane-HCI. pH 6.8, 2% 
sodium dodecyl sulfate in the presence of phenyhllcthylsulfonyl fluoride. 
100 J.Lg per ml (Sigma Chemica l Co ., St Louis. MO) , and lOng of protease 
inhibitors leupeptin, antipain, chymostatin, and pepstatin per mJ (Sigma 
C hemical Co.). The suspension was sonicated at setting 6 for 15 s 
(Microultrasonic Cell Disrupter, Branmas Ultrasons, Annemas. France), 
centrifuged at 1500 rpm for 1 h at 4°C, and boiled for 2 min , and samples 
were frozen at - 70°C. 
Norlllal Hlllllall Epidermis Ethylenediaminetetraacetic acid-separated nor-
mal human epidermis was prepared as desc ribed previously (Hashimoto el 
01, 1990). 
Pllrified Dcsllloplokills Purified desmoplakins I-I! were obtained from Sigma 
C hemical Co. and used for immuno blotting at the concentrations of 1 mg 
per m!. 
IllllllJllloblollillg Procedllre Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis was perfonned with a 4% separating gel (Laemmli, 1970). The 
proteins were electrophoretically transferred onto nitrocellulose filters (24 
V for 2 h) in 12.5 mM Tris(hydro>:ymethyl)aminomethane-OH, 96 mM 
glycin e buffer with 20% (vol/vol) methanol, and sites were blocked by 
immersion for 1 h at room temperature in phosphate-buffered saline (PBS) 
containing 5% (vol/vol) milk powder. Longitudinal strips of the filter were 
cut and incubated for 1 h either with a 1 :40 dilution of the test serum or with 
a 1:100 dilution of anti-desmoglein I, anti-desmoplakin I-II mAb, or mAb 
F12 in PBS containing 5% milk powder and 0.1 % Tween 20. After three 
washes in PBS, the strips were subsequently incubated with biotinylated 
goat anti-human or anti-mouse Ig (Caltag Laboratories, San Francisco, CA) 
diluted 1 :1000 in PBS-O.l % , Tween 20, 5% milk powder for 1 h at room 
temperature. After washing with PBS-O.l % Tween 20, the strips were 
incubated with alkaline phosphatase (AP)-conjugated streptavidin (Caltag 
Laboratories) , washed with PBS (Sigma Chemical Co.) and incubated 
5-bromo-4,3 indoxyl phosphate + nitroblue tetrazolium. For IgG subclass 
studies, the replicas were fLrst incubated with serum from the patient or 
control serum, tllen with the anti-human IgGl, IgG2, IgG3, orJgG4 murine 
mAb, and finally with biotinylated-goat anti-murine Ig as described above. 
Affinity Purification of Pemphigus Vulgaris and Pemphigus Folia-
ceus IgG Anti-180-l90-kDa pemphigus IgG was affinity purified as 
previously described Ooly el 01, 1994) . Proteins from the bovine tongue 
epithelium extract were separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and transferred onto a nitrocellulose filter as 
described above, and horizontal strips of nitrocellulose conta.ining the 
180-190-kDa doublet were cut out, incubated with pemphigus vulgaris or 
pemphigus foliaceus se rum, and washed. Bound antibodies were eluted by 
incubating the strips with sodium citrate buffer, pH 3.2, for 1 h at room 
temperature , immediately neutralized with 0.1 M Tris(hydroxymethyl)ami-
nomethane buffer, pH 8.5, and used for IEM and inllnunoAuorescence 
assays . 
Immunoelectron Microscopy Direct lEM was performed on biopsies 
of peri bullous slcin from two patients with pemphigus vulgaris and two with 
pemphigus foliaceus as described previously Ooly et aI, 1993). Briefly, 
unfixed samples were sli ced into 0.7-mm thick sections, washed with 
agitation in Hanks ' balanced salt solution, and incubated for 22 h witll 
murine anti-human IgGl, IgG2, IgG3 , or IgG4 mAb . The samples were 
washed and incubated for 22 h with peroxidase-labeled goat anti-murine Ig 
(Caltag Laboratories). After washing, the slcin samples were fixed in 
Kamovsky's fixative for 3 h at 4°C. The peroxidase activity was then 
revealed with dimethylarsinic acid buffer (Sigma) for 1 h at room temper-
ature. After washing, tissue samples were post-fixed with 1% osmium 
tetroxide for 10 min, washed, dehydrated, and embedded in epoxy medium. 
Indirect IEM was perfom1ed with serum from four patients with pem-
phigus vulgaris, four with pemphigus foliaceus. serum from two normal 
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individuals, and with affinity-purified IgG from one pemphigus vulgaris and 
one penlphigus foliaceus serunl on nornlal hUlnan oral nlU COS3, normal 
human skin, and mouse hean. Unfixed samples were sli ced into 0.7-rnm 
tluck sections, washed with agitation in Hanks' balanced salt solution, and 
incubated with se rum diluted 1 :20 in Hanks' balanced salt solution over-
lught at 4°C. After washing in Hanks ' balanced salt solution, tissue samples 
were incubated with murine anti-human IgG1, IgG2, IgG3, or TgG4 mAh, 
washed, and incubated for 22 h with peroxidase-labeled goat anti-murine Ig 
(Caltag Laboratories). Samples were washed and fixed in Karnovsky' 
fixative for 3 h at 4°C, and peroxidase activity was then revealed \vith 
dimethylarsinic acid bufFer (Sigma) for 1 h at rool11 temperature. Tissue 
samples were washed and post-fixed with 1 % osmiwn tetroxide for 10 min, 
washed, dehydrated, and embedded in epoxy mcdium. 
Preparation of Anti-Idiotype Antiserum An anti-idiotyl'e antiserum 
was prepared against mAb F12 by immunizing a rabbit according to the 
method described by Ju el al (1977). IgG was isolated from 33%-saturated 
ammOluum sulfate precipitates of rabbit antiserum on a Sepharose 4B-
protein A column (Pharmacia , Uppsa la, Sweden) . Purified IgG was ab-
sorbed onto afriluty columns prepared Witll Sepharose-bound IgM isolated 
from a pool of nornlal hUillan scrunl :Ind froll1 serunl of patients \vi rh 
Waldenstrom's macroglobulinemia. 
ldiotype Binding Assay Idio rype binding and its i.llhibition wcre carried 
out in plastic microtiter plates (Virion, Gerberbestrass, Germany) coated 
with goat anti-human IgM (Caltag Laboratories) (2 J.Lg pCI' ml) in carbonate 
buffer, pH 9.5, and washed. mAb F12 was captured on the anti-lgM-coated 
plates and washed three times, and 200 J.LI of rabbit IgG anti-idiotypc were 
added at a concentration of 50 J.Lg per ml for 1 h at room temperature. After 
washing, rabbit 19G was revea led by incubating AP-conjugated goat 
anti-rabbit Ig (C.lltag Laboratories) for 1 h at room temperature. After five 
washcs, 100 J.LI contailung 1 ng ofp-dillitrophenyl phosphate per ml (Sigma 
Chemical Co.) in 1 M Tris(hydro;\ .. ymethyl)arninomethane-HCI, pH 9.8, 
were added to each well and the OD at 405 nm was read on a Titertek 
Multiskan microplate reader (Flow Laboratories, Les Ulis, France). 
Inlubition of rabbit anti-idiotype binding to its homologous F12 idiotype 
was measured by pre-incubating 100 J.LI (100 J.Lg per ml) of rabbit 
anti-idiotype with 100 J.LI of 1 :20, 1 :40, or 1:80 diluted serum from patients 
with pemplugus vulgaris or pemphigus foliaccus for 1 h at room tempera-
ture. The mixture was placed into microtiter plate wells coated with mAb 
F12, and the enzyme-linked immunosorbent assay was performed as 
described above. 
Immunofluorescence Analysis Normal human slcin specimens were 
rinsed briefly with PBS, placed in 10 ml ofl M NaCI, and incubated at 4°C 
for 72 h. The basement membrane zone was dissociated according to ti,e 
method described by Gammon r l. al (1984). To control the level of cleavage 
through the lamina lucida , three mAb were used: anti-collagen IV, anti-
collagen VlT mAb (Sigma), and mAb F12. Cryostat sections of mouse 
myocardium and human salt-split slcin were cut and aUowed to air-dry at 
room temperature . Unfixed sections were incubated witl1 different dilutions 
of pemplugus serum for 30 min and washed twice with PBS. Then, tissue 
samples were incnbated with mouse anti-human IgGl , IgG2, IgG3, or IgG4 
mAb (Sigma). After waslung with PBS, tissue samples were incubated witll 
biotinylated goat anti-mouse 19 (Cal tag Laboratories) diluted 1:50 in PBS, 
washed, and subsequently incubated with fluoroscein isotluocyanate-con-
jugated streptavidin (Caltag Laboratories) diluted 1 :50 in PBS. After 
washing, the sections were examined under a Leitz Orthoplan fluorescence 
tlljcroscope. 
RESULTS 
Inununoblot Analysis of Pemphigus Serum To detennine 
whethe r the 180-190-kDa polypeptide identifie d by mAb F12 was 
recognized by autoantibodies present in pemphigus vulgaris andlor 
pemphigus foliaceus serum, we performe d immunoblot analysis of 
serum from 23 p emphigus vulgaris patients and 10 pemphigus 
foliaceus patients, with bovine tongue e pithelium as the substrate 
and anti-human whole IgG . Table I shows that approximately 
two-thirds of the 23 p emphigus vulgaris serum bound to the 
130-kDa band and one third contained antibodies reacting with the 
180-190-kDa doublet that comigrated with the polype ptide iden-
tified by mAb F12 (Fig la, laue B) . Most of the 10 pemphigus 
foliaceus sera recognized the 160-kDa band (e.g., lanes NRSJ¥), 
and four also bound to the 180-190-kDa bands (Fig la, e.g., laues 
NQST). None of the bullolls pemphigoid or control (Fig la, laue 
X) sera reacted with the 180-190-kDa bands . The 180-190-kDa 
doublet consistently migrate d faster than desmoplakins I-H, as 
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Table I. Some Pemphigus Vulgaris and Pemphigus 
Foliaceus Sera Recognize a 180-190-kD Polypeptide in 
Addition to Desmoglein 1 or Desmoglein 3 
Number of Sera Reacting with Band(s) of 
Serum Origin 180- 130 + 160 + 
(n)" 130 kD 160 kD 190 kD lS0-190-kD 180-190-kD 
Pemphigus 
vulgaris (23) 8 0 2 7 0 
Pemphigus 
fo liaceus (10) 0 3 0 0 4 
Bullous 
pemphigoid (6) 0 0 0 0 0 
Controls (10) 0 0 0 0 0 
II Se.ra from patients widl pemphigus vulgaris. pemphigus fo liaccus and bullous 
pemphigoid. and sera from healthy subjects were immunoblotted using bovine tongue 
epithelium and detected with anti-human whole i.mmut1ogiobuHn. 
detected by anti-desmoplakin I-II m Ab (lane A) . Tlus result 
indicates that the 180-190-kDa doublet detected by certain pem-
phigus vulgaris and pemphigus foliaceus serum is different from 
desmoplakins I-II. 
Two paraneoplastic pemphigus serum s, both of w luch bound to 
the 250- and 210-kDa bands ofdesmoplakins I-II, also reacted with 
a 180-190-kDa doublet that co-migrated with the bands identified 
by mAb F12 (Fig 1b). To eliminate the possibility that the 
180-190-kDa doublet corresponds to degradation products of 
desmoplakins I-II, western blot an alysis was performed using 
purified desmopla.kins I and II. Figure 1c shows that anti-desmo-
plakin I-II mAb strongly labeled the 250- and 210-kDa bands, 
whereas mAb F12, on e pemphigus vulgaris, and one pemphigus 
foliaceus serum that contain ed anti-1 80-190-kDa antibodies did 
not identifY any band on the lutrocellulose strip (Fig 1e) . 
Next, to determine whether the 180-190-kDa doublet was 
bovine tongue specific, two pemphigus vulgaris and two pemplu-
gus foliaceus serums con ta ining anti-180-190-kDa antibodies were 
inununoblotted agains t ethylenediaminetetraacetic ac id-separated 
normal human epidermal extracts. T he pemplugus vulgaris serum 
-: reacted with a 130-kDa band, and the pemphigus fo liaceus serum 
reacted with a 160-kDa band, corresponding, respectively, to 
desm oglein 3 and desmoglein 1. In addition, these sera reacted 
kD 
250· 250· 
210· 
190 · 210· 
180 · 
190· 
160 · 180· 
130 · 
160· 
A B 
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Table II. The Recognition of the 180-190-kD 
Polypeptide by Some Pemphigus Vulgaris and Pemphigus 
Foliaceus Sera is Restricted to the IgG3 or IgG1 Subclass 
Identified Polypeptides (kD) 
Patient'· Type of Pemphigus IgG1 IgG2 IgG3 IgG4 
1 vulgaris 180 -190 130 
2 vulgaris 130 180- 190 
3 vulgaris lS0-190 130 
4 vulgaris 180- 190 130 
5 vulgaris 180- 190 130 
6 foliaceus 180-190 160 
7 foliaceus 180-90 160 
S foliaceus 180- 190 
9 foliaceus 180-1 90 160 
"Five pemphigus vulgaris and four pemphigus foliaceus sera containing .nti-180-
190-kO antibodies were analyzed by immul1oblotting against bovine tongue extract 
using anti-human IgG subclass mAB. 
weakly with a fine 180-kDa band sinillar to the one identified by 
mAb F12 (data not sh own). 
Immunologic Procedures U sing mAb to Human IgG Sub-
classes as the Tracers We have previously show n that in most 
paraneoplastic pemplugus sera Ooly et ai, 1994), autoantibodies that 
react with a given antigen are restricted to a single IgG subclass. 
This observation en abled us to subsequently study by IEM the 
localization of the antigens identified by each IgG subclass. A 
similar approach was undertaken in a study of fo ur pemphigus 
vulgaris and three pemphigus foliaceus sera that contained both 
anti-desmoglein and anti-1 80-190-kDa antibodies. 
1I111111/1wbiot A lwl)'sis Table II sllllmarizes tlle data obtained with 
these nine pemphigus sera. It is n oteworthy that all sera recognized 
the 180-190-kDa doublet that was identifi ed by one or another IgG 
subclass, mainly IgG3, different from those that bound to the BO-
or 160-kDa bands. Figure 1a shows typical results obtained Witll 
serum from two pemphigus vulgaris patients (1 and 4) and two 
pemphigus fo liaceus patients (6 and 7). 
[,,"lIlIlIoe/earoll Microscopy Because in each pemphigus serum 
tested, the IgG subclass that recognized the 180-1 90-kDa doublet 
ABCOE F GH 
kD I 
250-
210-
C 
Figure 1. Some pemphigus vulgaris, pemphigus foHaceu., and paraneoplastic pemphigus sera react with a 180-190-kDa doublet that 
co-migrates with the protein recognized by mAb F12 and is different from desnloplakins I-II. (a) Imm unoblot analysis of serum from pemphigus 
vulgaris patients 1 and 4, and pemphigus foliaceus patients 6 and 7, was performed using bovine tongue extracts as the antigen and mAb to human IgG 
subclasses as the tracers. Lalle A, Anti-desmoplakins I-II mAb; Imle B, mAb F12; Imle C, mAb to desmoglein 1; Imles D , E, F and G, serum from pemphigus 
vulgaris patient 1 ana lyzed respectively, with anti-human whole IgG, IgG1 , IgG2, and IgG3; lall e H , IgG4 antibodies from this serum; lalles [,J, K, and L, 
serum from pemphigus vulgaris patient 4 analyzed, respectively, with anti-human whole IgG, IgGl , IgG2, IgG3; Inlle lIf, IgG4 antibodies from this serum; 
lanes N, 0, P, Q, and R: from the serum ofpcmphigus foliace us patient 6. respectively, whole IgG, IgG1, IgG2, IgG3, and IgG4; lalles S, T, U, V, and l-V, 
from the serum of pemphigus fo liaceus patient 7, respectivcly, whole IgG, IgG1, IgG2, IgG3, and IgG4; lalle X, serum from a heald1Y subject. (b) Immunoblot 
analysis of scrW1l from two paraneoplastic pemphigus patients was performed using bovine tongue extracts as dlC antigen. Lalle A, anti-desmoglein mAb; Inlle 
B, anti-desmoplakins I-II mAb; lalle C, mAb F12; lalle D·E, serum from paraneoplastic pcmphigus patients 1 and 2; Inll es F· G·H·I, IgG1 , IgG2, IgG3. and 
IgG4 antibodies from paraneoplastic pemphigus patient 2; lalleJ , serum from a healdlY subject. (c) Immulloblot analysis of serum from pemphigus vulgaris 
patient 1 and pemphigus foliaccus patient 6 was performed lIsing purified desmoplakin as dle antigen (lall es A, B, C, and D, 2 f.J.g desmoplakin per well; Imles 
E, F, G, and H, 10 f.J.g desmoplakin per well) . Lall es A alld E, anti-desmoplakins I-II mAb; lalles B alld F, serum from pemphigus vulgaris patient 1; Imles C 
and G, serum from pemphigus fo liaceus patient 6; lalles D alld H , serum from a healdlY subject. 
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Figure 2. IgGl and IgG3 antibodies 
from pemphigus vulgaris and pem-
phigus foliaceus serum containing an-
ti-180-190-kDa antibodies label the 
desmosomal plaques and hemidesmo-
somes of human epidermis. Ind irect 
IEM n1icroscopic cX31nination of scrunl 
from pemphigus fo li aceus and pemphigus 
vulgaris patients was performed on normal 
hunlan oraJ 111UCOS3. Serunl was then rec-
ognized by mAb to human IgG subclasses 
and visualized by an immunoperoxidase 
reaction. (A) IgG4 antibodies from serum 
of pemphigus vulgaris patient 1 bound 
exclusively to the desmoglea with no label-
ing of the dennal-epidem1al junction (scale 
bar, 480 nm) ; itlsel, desmosomes at higher 
magnification (scale IJar, 150 nm). (B) IgG3 
antibodies from the same pempbigus vu l-
garis patient's serum labeled desmosomal 
plaques (sca le IMr, 380 nm). (C, D) Hemi-
desmosomes (arrows) detected by JgG3 
antibodies contained , respectively, in se-
rum of pemphigus vu lgaris patient 4 (scalc 
bar, 350 nm) and semm of pemphigus folia-
ceus patient 6 (scale bar, 380 nm). (B) 
Recognition of desmosomal plaques by 
IgG3 antibodies from serum of pemphigus 
foliaceus patient 6 (scale bar, 210 nm) and 
(F) by IgGl antibodies from serum ofpem-
phi gus foliacellS patient 7 (scale bar, 100 
nm). Grids were not counterstained except 
in F. 
differed from those that recognized the 130- or 160-kDa polypep-
tides, IEM analysis of these serum using mAb to human TgG 
subclasses and three different substrates was performed to distin-
guish the ultralocalization of the target antigens . 
Human oral mucosa and human skin were first used as substrates. 
Anti-130-kDa IgG4 from th e serum of pemphigus vulgaris patients 
1 and 4 bound to extracellular regions of desmosomes but did not 
bind to the desmosomal plaques or the dernlal-epidermal junction 
(Fig 2A). Anti- 180-190-kDa IgG3 antibodies Ii-om these two sera 
did not labe l the desmoglea but gave a pattern simi lar to that 
obtained with mAb F12: peroxidase deposits were mainly on the 
desmosomal plaques (Fig 2B) and on some dermal-epidermal 
junctions in areas corresponding to hemidesmosomes (Fig 2C) . 
IEM analysis of the pemphigus fo li aceus serum showed that anti-
desmoglein 1 IgG4 autoantibodies fr0111 the serum of patients 6 and 
7 bound exclusively to the desmoglea (data not shown), whereas 
IgG3 and IgGl antibodies that recognized the J 80-J 90-kDa bands 
by immunoblotting, labeled hemidesmosomes (patient 6, Fig. 2D) 
and the desmosomal plaque (patient 6, Fig 2E; patient 7, Fig 2F), 
but not the desmoglea. 
Second, mouse heart was used as the substrate . It has been 
demonstrated recently that autoantibodies in pemphigus foliaceus 
and pemphigus vulgaris serum bind to the intracellular domain of 
desmoglein 1 (Dmochowski et ai, 1994), which might account for 
the lEM-labeling pattern observed with IgG3 and IgGJ subclasses. 
Because the ceIJ-junction structure of myocardium lacks desmo-
gleins 1 and 3 (Koch and Franke, 1994) and was previously 
demonstrated to be identified by mAb F12 Uoly e/ ai, 1993), mouse 
heart was an appropriate substrate to further analyze the LEM 
pattern given by IgG3 or IgGl antibodies present in the selected 
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serum. Figure 3 shows that IgGl antibodies present in one 
pemphigus foliaceus (patient 7) serum bound to the desmosomal 
plaque of the intercalated disk of mou se myocardium and gave an 
LEM pattern identical to that observed with mAb F12 (Fig 3A,B) . 
No peroxidase deposits were observed when other mouse anti-
human IgG subclasses were used (Fig 3C). No pemphigus vulgaris 
or pemphigus foliaceus serum that did not contain anti-1 80-190-
kDa antibodies bound to this substrate . These observations provide 
further evidence that autoantibodies detected in some pemphigus 
vulgaris and pemphigus foliaceus sera recognize an antigenic 
determinant present in the desmosomal plaques but different frOI11 
desmogleins 1 and 3. 
Third, to determine whether ;11 11;110 IgG deposits could be 
detected on the desmosomal plaques of pemphigus patients with 
circulating anti-180 -1 90-kDa antibodies, direc t IEM examination 
of peribullous skin samples from pemphigus vulgaris patient 5 and 
pemphigus foliaceus patient 9 was performed using mAb to human 
IgG subclass . Peroxidase deposits bound to the desmosomal plaques 
were observed with anti-human IgG3 11111[ine mAb (Fig 4). 
whereas anti-human IgG4 mAb revealed IgG deposits on the 
desmoglea. No IgG3 deposits could be vizualized on the desll1o-
somal plaques of the les ional skin from one pemphigus vul garis and 
one pemphigus foliaceus patient whose serum did not contain 
anti-180-190-kDa antibodies. 
IEM of Affinity-Purified Anti-180-190-kOa Antibodies To 
confirm the specificity of pemphigus vulgaris and pemphigu 
fo[iaceus antibodies that bound to the J 80-190-kDa antigen. 
anti-180-190-kDa IgG was affinity purified 6:0111 the serum of 
pemphigus vu lgaris patient 1 and pemphigus folia ceus patient 6 and 
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Figure 3. IgG antibodies from a p emphigus foliaceus serum containing anti-lS0-190-kDa antibodies label the des111osomal plaques of 
mouse cardiac tissue and give a pattern siJuilar to that of mAb F12. T he immlllloclectron microscopic cO'aminatioll of mAb FI2 alld one pcmphigus 
fo liaceus serum was perfo rmed o n mo use cardiac tiss ue . (A) Binding of mAb F12 to dcsrnosomaJ plaqucs (-'» revea led by goat anti-human IgM and an 
immunoperoxidase re;lction (srnlc un.-, 100 nm). (13) Labeling pattern observed using serum from pemphigus fo lia celis paticnt 7 thcn incubatcd with mouse 
anti-huill an IgG 'J J11Ab revea led by an i1l1111l11l0pcroxidasc reaction. (C) No peroxidase deposits were observed 'when I11011SC an ri-hl1l ll :1n IgG .... InAb \vns used 
as the tracer (sen lc bar, 300 nm). 
studied w ith IEM o n human o ral mucosa and anti-human IgG3 
murine mAb. IgG3 antibodies that strongly labe led intracellular 
p laques of the desm osomes did not label the desmoglca (Fig SA) . 
Examination of the dermal-ep iderma l junction also showed labe ling 
of hemidcsm osom es (Fig SB) . No peroxidase dcposits were prcscnt 
wben anti-180-190-kDa IgG antibodics purified from sel'U m of 
these two patients were tcsted with murinc anti-human IgG4 mAb 
(illset, Fig SA) . Affi ni ty-purifie d anti-160-kDa IgG strongly bound 
to the desm oglea bu t not to the desmosomal pl aq ucs or the 
hemidesm osomes with mlllin e anti-human IgG4 mAb (data not 
shown) and did no t label the dcs l11osom cs wi th murin e anti-human 
IgG3 m Ab (data not shown). 
Idiotypic Analysis of Pemphigus Vulgaris and Pemphigus 
Foliaceus Serum To further confirm that antibodies with F12 
properties are present in pemphigus vulgaris and pcmphi gus folia-
ceus serum , an anti-F1 2 idiotype antiscrum was prcpared in a 
rabbi t. T his rcagcnt gave an OD 4U 5"", of 1.5 :t: 0.2 w hen mA b F12 
(IgM; K) was captured on the place, whercas an irre lcvant r~~, /( 
mAb, polyclonal IgM, K, and A from no rmal scrut11 o r no cap-
tured" Ab gave an OD < 0.3. N ext, IgG anti-F1 2 idiotype was used 
as a probe in an idiotype/anti-idiotype assay to detcct the presencc 
Figure 4, 111 11;110 bound IgG3 a ntibodies are visualized on the 
desmosonlal plaques of the lesioned skin from a pelnphigus folia-
ceu s patient with circulating anti-tSO-190-kDa IgG3 antibodies. 
Direct IEM study was performed on pcribu\\ous skin samples obtained from 
pemphigus foliaceus parient 9. T hick peroxidase deposits were observed on 
the deslllosomal plaques w hen the reaction was revealed by anti-human 
IgG3 mAb (scnle unr, 150 nm). 
o f F1 2 idiotype in patients' scrum with or w ith out anti- 180-190-
kDa autoa ntibod ies . Figure 6 shows that among 13 pemphigus 
vulgaris or pemphigus foliaceus scrums that con tain anti-l 80-l90-
kDa an tibodies, four inhibi ted the binding oflgG anti-F12 idiotype 
to its ho m ologous idiotype. T he strongest inhibi tion was obtained 
wi th the sc rum of the patient fi'ot11 w ho m mAb F12 was derived . In 
co ntrast, none of the paticnts ' serum that did nOt contain anti- 180-
190-kDa antibodies was significa ntl y inhibitory in the idiotypel 
anti-idiotypc assay. 
Itnmunofluorescence Experiments Because mA b F12 bound 
both to the ce ll membrane and to thc basement membrane zone of 
skin sections by immunofluorescence, we asked w hy pemphigus 
vulgaris and pemphigus fo li aceus serum con ta ining anti-180-190-
klJa antibodies bo und o nly to the cell SUrf.1CC of keratinocytcs and 
not to the bascmcnt membranc zone of ski n sections by sta ndard 
inlll1un ofluorcscencc proccdurcs. Two pcmphigus foliacc us and 
two pcmphigus vu lga ris scra that contained high titers of anti-cell 
surface antibodies were tested by immunofluorescence on salt-sp li t 
skin (Gammon el ai, 1984) . To amplify the reaction, a three 
stcp-proccd ure was uscd in w hich a murine ano-human IgG 
subclass m oAb, biotinylatcd goat an ti-mouse Tg, and fluoroscein 
isothiocyanatc-conjugated strcptavidin wcrc app lied seq ucntia lly. 
Fi rst, the Icvcl of cleavage of sa lt- sp li t skin biopsy spccimcns 
thro ng h thc lamina lu cida was controll ed . Anti-type ]V and anti-
type VII collagcn bo und to thc dcrmal sidc of the s'1I11ples, w hereas 
m Ab 101 2 sta ined the epidermal sidc. IgG3 antibodies from the 
serum of pcmphigus vulgaris patient 2 and pcmphigus fo liaceus 
patient G labelcd the epidcrmal side of the derm al cpidermal 
junction in addition to the cell surf.lcc of the kerati.nocytes. IgG3 
an tibodies /1'om two pemphigus vu lgaris and pemphigus fo liaccus 
scra that did not conta iJ1 anti-1 80 -1 90-kDa an tibodies did not stain 
the basement m embrane zonc of salt-split skin. The samc t1Hec-srcp 
iml11un ofluorescence procedure was then performed using mousc 
m yocardium as the substrate, TgG3 antibodies from pemphigus 
vu lgaris patient 2 and pemphigus fo liaceus patient 6 labeled the 
interca.la ted disks of m ousc myocardium. No labeling of the 
substra tc was o bserved when the serum was revea led w·ith anti-
human IgG4 mAb (data not shown) . 
DISCUSSION 
T his study dem onstrates that scrum from some pemphigus vulgaris 
and pcmphigus foliaceus patients contai ns autoantibodics directed 
against compon cnts of the dCS1110somal plaque and thus that th e 
autoiml11une rcsponse that charactcrizes thcse blistering ski n dis-
eascs involves structw'es of thc intercellular spacc of kcratinocytc 
junctions and of the dcsl110smal plaques of epithe li al and 110ncpi-
thelial ce ll junctions. 
T his obscl'vatio n was o rig in ally based on: (i) the production of a 
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Figure 5. Affinity purified anti-180-
190-kDa antibodies label the desmo-
somal plaques and hemidesmosomes 
of human epidermis. Anti-180-190-
kDa IgG antibodies affll1.ity-purified from 
serum from pemphigus foliaceus patient 6 
were tested by lEM on human oral mu-
cosa. Bound antibodies were revealed by 
nlAb to human IgG subclasses and immu-
noperoxidase reaction. (AJ Labeling of 
dcsJ11osomal plaques by IgG3 antibodies 
[rom tlus serum (scale bar, 150 nm); illset, 
negative control experim ent usi.ng IgG4 
antibodies from the same serum (scale bar, 
150 nm). (8) Recognition of hemidesmo-
somes (-» by IgG3 antibodies from the 
serum (scale bar, 320 11m) . 
human IgM I( mAb (F12) derived from the peripheral blood 
lymphocytes of a patient with pemphigus vulgaris (Gilbert et ai, 
1992) that bound to a 180-190-kDa polypeptide by immunoblot-
ting and the desmosomal plaque by !EM analyses, and (ii) the recent 
demonstration that mAb F12 may be representative of a new 
autoantibody population present in paraneoplastic pemphigus se-
rum Goly et ai, 1994) . Anti-180-190-kDa antibodies could be 
detected in the serum of approximately one-third of the patients 
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Figure 6. The binding of anti-F12 idiotype antiserum to F12 
idiotype is inhibited by pemphigus vulgaris and pemphigus folia-
ceus serum that contains anti-180-190-kDa antibodies. One hun-
dred microliters of rabbit anti-idiotype were incubated with various dilu-
tions of pemplugus vulgaris and pemphigus foliaceus serum that contained 
(A,B, C, D) or did not contain (E,F,G,H) anti-180-190- kDa al1tibodies for 
1 h, aJld the mixture was incubated with mAb F12 captured on anti-human 
19M-coated plates. The presence of rabbit anti-F12 idiotype was revealed by 
adding AP-goat anti-rabbit Ig and l'-dilutrophenyl phosphate. 
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with pemphigus foliaceus and pemphigus vulgaris. The use of 
anti- IgG subclass mAb in the immunoblotting procedure showed 
that the subclass restriction of a given autoantibody population 
previously observed in paraneoplastic pemphigus Goly et ai, 1994) 
was also true for pemphigus vulgaris and pemphigus foliaceus 
autoantibodies: most anti-desmoglein 1 or 3 autoantibodies be-
longed to the IgG4 subclass, whereas anti- 180-190-kDa antibodies 
belonged to the IgG3 and, more rarely, IgGl subclasses. This 
restriction enabled us to demonstrate that some pemphigus vulgaris 
and some pemphigus foliaceus serum contained autoantibody pop-
ulations mainly of the IgG3 subclass, which recognized ill vitro a 
180 -190-kDa antigen located on the desmosomal plaques and 
hemidesmosomes of human keratinocytes and 011 the desmosomaI 
plaques of myocardium intercalated disks. Immunoblotting exper-
iments clearly demonstrated that this antigen was different from 
desmoplakins because: (i) the 180 - 190-kDa doublet bound by 
pemphigus VUlgaris and pemph.igus foliacens serum did not co-
migrate with the bands identified by anti-desmoplakins I-II mAb, 
and (ii) these sera did not recogn.ize any band when immunoblotted 
against purified desmoplakins I- II. 
To further demonstrate the presence of F12 antibodies in pem-
phigus vulgaris and pemphigus foliaceus serum, a different experi-
mental approach was undertaken using idiotypic properties ofmAb 
F12. Idiotypes are common markers on 19 variable (V) regions 
detected by anti-idiotype reagents . Some idiotypes, termed cross-
reactive idiotypes, are shared by the majority of antibodies to one 
antigen and are usually dominant within that immune response. 
Cross-reactive idiotypes borne by V regions of antibodies directed 
against self-:mtigens have been detected in numerous systems in 
animals and humans (Tron, 1991). Anti-F12 idiotype antiserum was 
prepared in a rabbit and used to detect F12 idiotypes in pemphigus 
vulgaris and pemphigus foliaceus serum. F12 idiotype was ex-
pressed in approximately 37% of pemphigus vulgaris and pemphi-
gus foliaceus sera that contained the anti-l80 - 190-kDa population. 
In contrast, none of the pemphigus sera that did not contain 
anti-180-190-kDa antibodies e":pressed F12 idiotype. Thus, F12 
idiotype was shown to be a cross- reactive idiotype present in 
pemphigus serum. Because, in most cases, cross-reactive idiotypes 
are present on 19 with the same ligand-binding properties, our 
observation speaks further for the presence of autoantibodies with 
F12-like properties in pemphigus serum. 
Interestingly, IgG3 antibodies from pemphigus serum with anti-
180 - 190-kDa antibodies labeled the basement membrane zone of 
salt-split skin, whereas no labeling was observed in standard 
inlmunoRuorescence assays. Several explanations may account for 
tills observation: (i) inlmunofiuorescence on salt-split skin is known 
to be more sensitive than standard irnmwlOfluorescence in the 
detection of anti-basement membrane zone antibodies (Gammon et 
ai, 1984); (ii) a three-step procedure was used, which amplified the 
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immunofluorescence assay . One should also note that this proce-
dure demonstrated that the intercalated disks of mouse myocardium 
were labeled by anti-1S0-190-kDa antibody-positive serum, an 
immunofluorescence pattecn previously reported with som e pem-
phigus vulgaris and pemphigus foliaceus serum (Helou el nl, 1995). 
The sigruficance of the presence of antl-1S0-190-kDa antibodies 
in pemphigus serum needs to be clarified . It raises the question of 
the potential pathogenic role of these antibodies. Indeed, the 
intracellular localiza tion of the 180-190-kDa antigen does not 
favor inclusion ofanti-1S0-190-kDa antibodies among pathogenic 
pemphigus autoantibodies that target the extracellular domai.ns of 
desl110gleins 1 and 3. In addition, although ill vhlO bound IgG 
deposits were demonstrated on the desmosomal plaques of kerati-
nocytes in patients with circulating anti-1SO-190-kDa antibodies, 
we do not have direc t evidence that anti-1S0-190-kDa antibodies 
are pathogenic. Rather, they may constitute an ilUlocent m arker of 
the B-cell tolerance breakdown against components ofkeratinocyte 
cell junctio ns. In this regard, pemphigus would not escape the rule 
that governs most organ-specific autoimmune diseases in which 
several antigens of the same tissue are the target of the autoimmune 
response as th e consequence of the so-called "antigen spreading" 
phenomenon (Mamula, 1995). 
In any case, these data furth er demonstrate the heterogeneity of 
the autoimmune response in all types of pemphigus, since pemphi-
gus foliaceus serum may contain antibodies directed against desmo-
glein 1, deslllocollins, (Dmochowski el ni, 1993), or F12 antigen, 
and pemphigus vulgaris serum may coutain antibodies against 
desmoglei.tl 1, desmoglei.n 3, or F12 antigen; paraneoplastic pem-
phigus antibodies can react with desmoplakins I-II , bullous pem-
phigus antigen 1, F12 antigen, desmoglein 3 (Anhalt el nI, 1990; 
Joly el nl, 1993; Joly ci nl, 1994), or other as yet unidentified 
polypeptides (Anhalt et nl, 1990). The detection of anti-1S0-190-
kDa antibodies in the three types of pemphigus also shows that 
certain autoantibody populations are not restricted to one form of 
pemphigus, as previously demonstrated for the anti-130-kDa anti-
body population present in both pemphigus vulgaris and paraneo-
plastic pemphigus Uoly el nl, 1994; Hashimoto eI ttl, 1995) and 
further supports the concept of an overlapping distribution of 
autoantibody specificities among pemphigus patients. 
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